Background. Sepsis and subsequent multiple organ failure are the predominant causes of late
INTRODUCTION
Trauma is a leading cause of morbidity and mortality, and many polytraumatized patients require treatment in an Intensive Care Unit (1) . Infectious complications are common after trauma and may substantially affect morbidity and mortality. Sepsis and subsequent multiple organ failure are the predominant causes of late mortality in polytraumatized patients; sepsis may occur in 3.1-17.0% and multiple-organ failure may occur in 1.6-9.0% of trauma patients (2) . Immunogenetic biomarkers have been proposed as contributing factors in the development of trauma-induced infection and organ failure (3) (4) (5) .
Toll-like receptor (TLR) signalling plays an important role in the innate immune response and has been associated with the activation of inflammatory immune responses during trauma-induced infections (6, 7) . TLRs recognize and bind to a wide range of pathogen-associated molecular patterns (PAMPs) on bacteria, viruses, fungi, and protozoa.
This binding leads to the transcriptional activation of genes encoding for pro-inflammatory cytokines, chemokines, and co-stimulatory molecules, which subsequently control the activation of antigen-specific adaptive immune response (5, 8, 9 ).
To date, ten different TLRs are described in humans (TLR1-10), each binding to different PAMPs and initiating specific immunological responses (10, 11) . TLR2 heterodimers bind polypeptides in the cell walls of bacteria and signal via MyD88 following initial interaction with Cluster of Differentiation 14 (CD14) (12, 13) . TLR4 forms a homodimer complex with the MD-2 protein after initial binding of lipopolysaccharide (LPS) expressed by Gram-negative bacteria to CD14 (14) . TLR9 is present in various cells of the immune system, such as dendritic cells and B-and T-cells and is situated intracellularly, bound to the endosome. TLR9 binds to the unmethylated cytosine guanine dinucleotide (CpG) motifs, present in bacterial and viral DNA but also in our mitochondrial DNA. Thus this receptor recognizes pathogens as well as damaged tissue (9, 15) .
CD14 is a central pattern recognition molecule in innate immunity (16) . It is found in association with TLRs on the surface of monocytes, macrophages, neutrophils, and hepatocytes (17, 18) , and as a soluble form in serum (19) . CD14 acts as coreceptor of TLR2 and TLR4 for the detection of various microbial PAMPs (20) , and initiates immune responses through TLR2 and TLR4 signalling (17, 21) .
There is growing evidence that susceptibility and response to infectious disease is, in part, heritable; particularly Single Nucleotide Polymorphisms (SNPs) in innate immune response genes may play a key role (22-25). Two important SNPS in the TLR2 gene (i.e., T-16934A and R753Q) have been associated with Gram-positive infections, sepsis and septic shock (12, 13, 26) . SNPs in the TLR4 gene (i.e., D299G and T399I) may alter the responsiveness of TLR4 to LPS, and increase the risk of Gram-negative sepsis, bacteremia, and mortality in patients admitted to the Intensive Care Unit (ICU) (4, 27, 28) . SNPs in the
MATERIALS AND METHODS

Patients and Data Collection
A prospective cohort of consecutive polytraumatized patients admitted to a Level I Trauma Center (Rotterdam, The Netherlands) between January 2008 and April 2011 was studied.
Eligibility criteria were an Injury Severity Score (ISS) (32) of 16 or higher and age years. Patients with a known immune disorder or those taking immunosuppressive medication were excluded. Patients with a neutrophil count of <1x10 9 cells/L before the onset of sepsis, infections associated with burns, or lack of commitment to full life-support measures by the primary physician were also excluded. The ISS score was calculated using the ISS update 98.
After obtaining written informed consent from patient or proxy a blood sample was taken in an EDTA tube and stored at -80°C until use. The study was approved by the local medical research ethics committee and the trial was registered in the Dutch Trial Registry (NTR1625) before patient recruitment.
Cultures were taken on a standardized routine basis or at the discretion of the physician based upon clinical signs. Endpoints used were: positive cultures during hospital stay, mortality, SIRS within the first 24 hours of admission and developing sepsis or septic shock during hospital admission. SIRS, sepsis, and septic shock were defined using international criteria (33). The following data were retrieved from electronic files: age at trauma, trauma mechanism, ISS score, length of stay in the Intensive Care Unit and the hospital, all positive cultures from blood, urine, sputum, wounds, or other positive cultures during hospital stay, if patients developed SIRS within 24 hours of hospital admission and sepsis or septic shock during the hospital stay, and if applicable the cause of death.
DNA Isolation
Genomic DNA was isolated from 300 µL EDTA-treated peripheral blood using the QIAamp ® DNA Blood Mini kit (QiaGen Benelux, Venlo, The Netherlands), according to the manufacturer's instructions. The purity (A260nm/A280nm index) and concentration of the isolated DNA samples were determined with the Thermo Scientific Nanodrop TM1000 spectrophotometer (Isogen Life Science, De Meern, The Netherlands). Samples were diluted to 10 ng/µL using Milli-Q and were stored at 4°C until use.
PCR Oligonucleotides
Details on the SNPs studied are given in Table 1 . SNP data were retrieved from Ensembl.org, National Center for Biotechnology Information (NCBI) GenBank, and NCBI SNP Database.
All oligonucleotides (see Table 2 ) were purchased from Eurogentec (Seraing, Belgium The Netherlands). Results were analyzed using the SeqMan ® analysis software.
Data Analysis
Allele frequencies for each SNP were determined by gene counting. The genotype distribution of each SNP was tested for departure from the Hardy-Weinberg equilibrium by means of χ2 analysis. Data were analyzed using the Statistical Package for the Social Sciences, version 16.0 (SPSS, Chicago, IL, USA). Categorical variables were analyzed using a χ2 test or a Fischer's exact test in order to determine whether the SNPs predisposed for a higher risk of any of the endpoints. A Mann-Whitney U-test was used for statistical analysis of numeric variables. Binary logistic regression models were developed in order to model the relation between different covariates and the occurrence of an infectious complication.
Herein, age, gender, injury severity score, and trauma mechanism (i.e., blunt or penetrating injury) were added as covariates. A p-value of <0.05 was considered to be significant.
RESULTS
Patient demographics and genotype frequencies
From January 2008 to April 2011, 219 patients were included. Of all patients 177 (77.6%)
were male, the median age was 44 years (P25-P75 27-56) and the median ISS score was 25
(P25-P75 18-29). A total of 13 patients (5.9%) sustained penetrating trauma and 159 patients (72.6%) were admitted to the ICU with a median stay of 3 days (P25-P75 0-14 TLR4 is important in the defense against bacteria, particularly Gram-negative bacteria.
Effect of genotype on infectious complications
Since both the D299G and T399I SNP are associated with decreased TLR4 function it is remarkable that we did not find any association of these SNPs with infection susceptibility.
However, both SNPs were previously shown to be unrelated to outcome of Gram-negative sepsis (43) and to sepsis in trauma patients with SIRS in the ICU (13 A limitation of our study is that we retrospectively collected data on clinical manifestations of infection like SIRS, sepsis, and septic shock. Also, cultures were initially collected at the discretion of the physician based on clinical parameters but during the study protocols changed towards routine culturing of all patients.
The human innate immune system consists of more pathways in addition to the TLR/CD14 pathway. The advantage of our study is that the growing DNA bank of severely injured trauma patients enables us to increase the panel of SNP assays or even perform a genome-wide SNP analysis.
In summary, our data showed that an aberrant functioning of the TLR/CD14 pathway due to presence of the TLR2 T-16934A polymorphism predisposed severely injured trauma patients to increased risk of developing an infectious complication. The TLR9 T-1486C SNPs on the other hand may reduce the risk of positive culture findings, and TLR4 variation was unrelated to infection. Additional research is needed in order to fully understand the roles these SNPs play in the complex injury and infection processes. HRMA, High-Resolution Melting Analysis. 
